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What Is Claimed Is: 

i Anon-py.ogenic.endo.oxWee.oxygen-^.s^-free.cross-.inkM 

tetrameric hemoglobin. 

2 . Thehemog.obinofCai^.whereinsaidhe.nog.obinhasbeencros, 

linked with bis dibromo salicyl fumarate. 

3 . Th ehe,„o gl obinofc 1 a iml ,whe re i n saidhe m o gl obinhasbee n n 1 odi fi ed 

by reaction with pyridoxal-5 1 -phosphate. 

4 . TUehe^obinofciaitna.wheteinsaidhetnogiobinhasbeenn.odmed 
by reaction with pyridoxal-S'-phosphate. 

5 . Thehemogiobinofclaiml.whereinsaidhemogiobinishuman 
hemoglobin. 

6 . ThehemoglobinofCaiml.whereinsaidhemoglobinisbovineor 
porcine hemoglobin. 

, A blood substitute composition comprising a preparation of non- 
' py rogenic,endotoxm-tree,stroma-free,cross-lin k ed.e.rameric 

hemoglobin, and a pharmaceutical!, acceptable earner. 
8 . Theb ,oodsubstitu,o ( e,aim7,whe re insaidhe m o g .obinhasbeenc I oss- 

linked with bis dibromo salicyl fumarate. 
9 Th ebl„odsubs.i.uteofclaim7,wherei„saidhemo g lobinhasbeen 
modified by reaction with pyridoxal-5' -phosphate. 



10. 



The blood substitute of claim 8, wherein said hemoglobin has been 
modified by reaction with pyridoxal-5--phosphate. 

„ ^bloodsubstituteofclaimT.whereinsaidhemoglobinishuman 
hemoglobin. 
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12 . TheWoodsubstUmeofclain.V.whereinsaidhe.nog.obinisbovineor 

porcine hemoglobin. 
13 Ame.hodofsupplemen.ingmebloodofamammalwhichcompnses 

tetrameric hemoglobin and a pharmaceutical* acceptable carrier. 

14 . TtoB ^afc hta 13,^^'-^ ba, ^ Wlft 

bis dibromo salicyl fumarate. 

15 . The method of ciaim 13, wherein said hemoglobin is modified by 
reaction with pyridoxal-5'-phosphate. 

16 . ThemethodofclaimH.whe^saidhemoglobinismodifiedby 
reaction with pyridoxal-5'-phosphate. 

Th e method ofclaim 13, wherein said hemoglobin is human hemoglobin. 
The method of claim 13, wherein said hemoglobin is bovine or porcine 
hemoglobin. 

A preparation of non-pyrogenic, endo.oxin-free, stroma-free, cross- 
ed tetrameric hemoglobin producedby the process comprismg the 

steps of: . , j 

(A) removing endotoxin from a preparation contaimng red blood 

cells; 

(B) removingoxygenfromsaidpreparationcontainingredblood 

cells; and 

(C) lysing red blood cells. 
20 The P reparatio„ofn 0 „-pyrogenic,e»do.oxin-free,str„ma-free,cross- 

link ed tetrameric hemoglobin ofclaim 19, wherein in step (B), satd 



17. 
18. 



19. 
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oxyg e„ is removed by cenmfcging the red Wood cells underavacuum 
sufficient to remove oxygen from the preparation. 
Thepre P ara.ionofnon-pyrogenic,e„do,oxin-free,s,roma-free,cross- 

link ed tetramcric hemoglobin of claim 20, wherein said process 
additionally comprises the steps of: 

(D) separating hemoglobin from the stroma of said lysed red blood 
cells; and 

(E) cross-linking said separated hemoglobin. 
The preparation of non- P yrogenic, endotoxin-free, stroma-free. cross- 
ed tetrameric hemoglobin of claim 21, wherein said process step (A) 
additionally comprises washing surfaces and equipment ,ha« will come 
into contact with the cross-linked hemoglobin with a dilute solution of a 
hemoglobin. 

The preparation of endotoxin-free, stroma-free, cross-linked tetrameric 
hemoglobin of claim 20, wherein said process step (B) comprises 
centrifuging a solution of said cells under vacuum a, a speed sufficient to 
produce a force greater than the surface tension of the soluuon. 

24 The preparation of endotoxin-free, stroma-free, cross-Hnked tetrameric 
hemoglobinofclaim21,where,nsaidredbloodcellsarehumanred 

20 blood cells. 

The preparation of endotoxin-free, stroma-free, cross-linked tetrameric 
hemoglobin of claim21, wherein said red blood cells are bovine or 
porcine red blood cells. 

The preparation of endotoxin-free, stroma-free, cross-linked tetrameric 
hemoglobin of claim 21, wherein said preparation additionally contains a 
pharmaceutical^ acceptable carrier. 
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A preparation of non-pyrogenic, endotoxin-free, stroma-free, cross- 
link ed tetrameric hemoglobin producedby the process comprising .he 

steps of: 

(A ) removingendotorinfromapreparationcontainmgredblood 

cells; 

(B) lysing red blood cells; and 

(C) removingoxygenfromhemoglobinofsaidiysedredbloodceUs. 

The preparationof non-pyrogenic, endotoxin-free, stroma-free, cross- 
linked tetrameric hemoglobin of daim 27, wherein in step (C), sard 
oxygen is removed by centrifuging the red blood cells under a vacuum 
sufficient to remove oxygen from the preparation. 
The preparation of non-pyrogenic, endotoxin-free, stroma-free, cross- 
ed tetrameric hemoglobin of claim 27, wherein said process 
additionally comprises the steps of: 

(D) separatinghemoglobinfromthestromaofsaidlysedredblood 
cells; and 

(E) cross-linking said separated hemoglobin. 

The preparation of non-pyrogenic, endotoxin-free, stroma-free, cross- 
ed tetrameric hemoglobin of claim 29, wherein said process step (A) 
aadi.iona.ly comprises washing surfaces andcuipmen. that will come 

int0 contact with the cross-linked hemoglobin with a dilute solution of a 

hemoglobin. 

The preparation of endotoxin-free, stroma-free, cross-linked tetrameric 
hemoglobin of claim 28, wherein said process step (C) compnses 
centrifugingasolution of said cellsunder vacuum at a speed sufficient to 
produce a force greater than the surface tension of the solutton. 
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35. 



36 



The preparation of endotoxin-free, stroma-free, cross-linked tetrameric 
hemoglobin of claim 29, wherein said red blood cells are human red 
blood cells. 

The preparation of endotoxin-free, stroma-free, cross-linked tetrameric 
hemoglobin of claim 29, wherein said redblood cells are bovine or 
porcine red blood cells. 

The preparation of endotoxin-free, stroma-free, cross-linked tetrameric 
hemoglobin of claim 29, wherein said preparation additionally contatns a 
pharmaceutical^ acceptable carrier. 

Amethodforproducinganon-pyrogenic, endotoxin-free, stroma-free, 
cross-linked tetrameric hemoglobin comprising the steps of: 

(A) removingendotoxinfromapreparationcontainingrcdblood 

cells; 

(B) removing oxygen from said preparation containing red blood 

cells; and 

(C) lysing red blood cells. 

The mcmodforpro4ucinganon-pyrogemcXdotoxin-free, stroma-free 
cross-linked tetrameric hemoglobir^aim 35, wherein in step (B), sard 

a hv r P ntrifrf£in£ the red blood cells under a vacuum 
oxygen is removed by centpsiging uic 

sufficient to remoj^gen from the preparation.. 

, Themethodforprodu^^^ 

cross-linkedtetramerichemoglobinofcl a im36,wherein^ 

additionally comprises the steps of: 

(D) separatinghemoglobinfromthestromaofsaidlysedredblood 
cells; and 

(E) cross-linking said separated hemoglobin. 
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The method of claim 35, wherein said process step (A) addi.ior.aUy 
C o m priseswashin gS u rf acesande q ui P me» t .ha t wiUco m ei nt ocontac t 

w Uh.hec,os S -lin k ed«e«ra,»eriche m o g lo b in«ithadilu t eso,uUo„o f a 
hemoglobin. 

The method of oiarm 36, wherem said process step (B) additionally 
comprises cen U ifu g ing a solution of said cells under vacuum ataspeed 
sufficientto produce aforce greater than the surface tension of the 



solution. 



40 . Th eme t hodofc 1 a im 37,where in saidhemo g lobi„ishu m anhemo g lohin. 

41 . Themethodofdaim37,whereinsaidhemoglobinisbovi„eorporcine 
hemoglobin. 

42 Am e,hodforproduci» g anon-pyro g enic,endo,oxin-free,s.roma-free, 
cross-linked tetrameric hemoglobin comprising the steps of: 

(A) removing endotoxin from a preparation containing red blood 
cells; 

(B) Wsing red blood cells; and 

( C) removingoxygenfromhemoglobinofsaidlysedredbloodcells. 

Thememodforproducinganon-pyrogenic^ 
C ross4in k ed,e,ramerichemoglo b in^42, .herein in s.ep(C),satd 

ox y g en is removed by cenm^fglhe red blood cells under a vacuum 
sufficient to remove^ef from the preparation.. 
The method for producing a non-pyrogenic, endotoxin-free, stroma-free, 
cross-liUKed tetrameric hemogiobin of claim 43 , wherein said method 
additionally comprises the steps of: 

(D) separatinghemoglobinfromthestromaofsaidlysedredblood 
cells; and 

(E) cross-linking said separated hemoglobin. 



43. 
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The method of claim 42, wherein said process step (A) compnses 
washing surfaces and equipment tha, will come into contact w.th the 
cross-linked tetrameric hemoglobin with a dilute solution of a 

hemoglobin. 

The method of claim 43, wherein said process step (O additionally 
comprises centrifuging a solution of said ce.ls under vacuum at a speed 
sufficient to produce a force greater than the surface tension of the 
solution. 

47 . The method of clarm 44, wherein said hemoglobin is human hemoglobin. 

48 . The method of ciaim 44, wherein said hemoglobin is bovine or porcine 
hemoglobin. 

49 Anrethodofincreasingtheoxygencarryingcapacityofanindividual 
which comprises administering to said individual a non-pyrogemc, 
endotoxin-free, stroma-free, cross-linked tetrameric hemoglobm. 

50 The method of claim 49 for increasing an individual's oxygen carrying 
capacity, wherein said non-pyrogenic, endotoxin-free, stroma-free, cross- 
ed tetrameric hemoglobin is administered by transfusion or injecuon. 

51 The method of claim 49 for increasing an individual oxygen carrying 
capacity, wherein said non-pyrogenic, endotoxin-free, stroma-free, cross- 
linked tetrameric hemoglobin is produced by a process compnsmg the 

steps: 

( A) removing endotoxin from a preparation containing red blood 

cells; 

(B) removingoxygenfromsaidpreparationcontainingredblood 

25 cells; and 

(C) lysing red blood cells. 
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53. 



54. 



55. 



56. 
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The method for producing a non-pyrogenic, endotoxin-free, stroma-free, 
croS s-linked tetrameric hemoglobin of claim 51, wherein in step (B), satd 
oxyg en is removed by centrifuging the red blood cells under a vacuum 
sufficient to remove oxygen from the preparation. 
The method for producing a non-pyrogenic, endotoxin-free, stroma-free, 

cross-linked tetrameric hemoglobin of claim 51, wherein said process 

additionally comprises the steps of: 

(D) separating hemoglobin from the stroma of said lysed red blood 
cells; and 

(E) cross-linking said separated hemoglobin. 

The method of claim 51, wherein said process step (A) additional* 
comprises washing surfaces and equipment , ha, will come intocontac. 
wi ,h the cross-linked tetrameric hemogiobin with a dilute solutton of 
hemoglobin. 

The method of c.aim 52, wherein said process step (B) additional* 
comprises centreing a solution of said cells under vacuum at a speed 
sufficient to produce a force greater than the surface tension of the 
solution. 

The method of daim 53, wherein said hemoglobin is human hemoglobin. 
The method of claim 53, wherein said hemoglobin is bovine or porcine 
hemoglobin. 

The method of clam, 49 for increasing an individual's oxygen carrying 
capacity, wherein said non-pyrogenic, endotoxin-free, stroma-free, cross- 
link ed tetrameric hemoglobin is produced byaprocess comprising the 

steps: 

(A) removingendotoxinfromapreparationcontaimngredblood 

cells; 
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(B) lysing red blood cells; and 
(Q 



59. 



lysine red blood cells, anu 
w lovinsown^he^obinofsaid^reawoodceus. 

cr „ss-lin,cedte.ra m e ri che m o gl ob i „o f c.a im 58,where 1 n 1 ns.ep(C),sa 1 d 

sufficient to remove oxygen from the preparation. 

eross-HnKed.etramerichemog.obinofdaim 58, wherein satdprocess 
additionally comprises the steps of: 

(D) separatinghemogiohinfromthestromaofsaidiysedredhlood 
cells; and 

( E) cross-linking said separated hemoglobin. 

The method of claim 56, wherein said process step (A) comprises 
.ashing surfaces and equipment that will come into contact wtth th 

T hemethodofc,aim59,whereinsaidprocessstep(C)addi t ionall y 
comprises centring a solution of said cells under vacuum a, aspeed 
sufficienttoproduceaforce greater than the surface tenston of the 
solution. 

TnemethodofclaimoCwhereinsaidhemoglobinishumanhemoglobin. 
g4 Them ethodofclaim60,whereinsaidhemoglobinisbovineorporcine 
hemoglobin. 

65 ^ontainercontaininganon-pyrogenicendotoxin-free.stroma-free, 

cross-linked tetrameric hemoglobin composmon. 
6 , The contai„erofclaim65,whichisana„o X iccon,ai„e r composedof 

polyethylene terephthalate. 
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The container of claim 65, which is an implantable delivery device that 
delivers a non-pyrogenic, endotoxin-free, stroma-free, cross-linked 
tetrameric hemoglobin composition to a recipient. 
The container of claim 65, wherein said non-pyrogenic, endotoxin-free, 
stroma-free, cross-linked tetrameric hemoglobin contained therem is 
produced through the process comprising the steps of: 



(A) 



69. 



70. 
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removing endotoxin from a preparation containing red blood 
cells; 

(B ) removing oxygen from said preparation containing red blood 

cells; 

(C) lysing red blood cells; 

(D) separating hemoglobin from the stroma of said lysed red blood 

cells; and 

(E) cross-linking said separated hemoglobin. 

The container of claim 65, wherein said non-pyrogenic, endotoxin-free, 
s troma-free, cross-linked tetrameric hemoglobin contained therein is 
produced through the process comprising the steps of: 

(A) removing endotoxin from a preparation containing red blood 
cells; 

(B) lysing red blood cells; 

(C) removingoxygenfromhemoglobinofsaidlysedredbioodcells; 

(D) separatinghemoglobinfromthestromaofsaidlysedredblood 

cells; and 

(E) cross-linking said separated hemoglobin. 

The container of claim 65, wherein said hemoglobin is human 
hemoglobin. 

The container of claim 65, wherein said hemoglobin is bovine or porcine 
hemoglobin. 
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